
AD 

TECHNICAL REPORT ARCCB-TR-98002 

THE EFFECT OF A CURING AGENT AND AN 
ACCELERATOR ON THE GLASS TRANSITION 

OF BROMINATED AND UNBROMINATED 
DIGLYCIDYL ETHER OF BISPHENOL A 

MARKF.FLESZAR 

MARCH 1998 

US ARMY ARMAMENT RESEARCH, 
DEVELOPMENT AND ENGINEERING CENTER 

CLOSE COMBAT ARMAMENTS CENTER 
BENET LABORATORIES 

WATERVLIET, N.Y.   12189-4050 

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED 

19980310 080 



DISCLAIMS» 

Tht findings in this rtport art net to bo construed ts in official 

Dtp treatnt pf tht Amy position unltss so dtsignatsd by othor authoriztd 

documents. 

Tht ust of trade ntat(s) and/or aanufacturar(s) dots not constitute 

an official indorsoatnt or approval. 

DESTRUCTION NOTICE 

For classified documents, follow tht proctdurts in DoO S200.22-M, 

Industrial Security Manual, Stction 11-19 or DoD S200.1-R, Information 

Security Progro Regulation, Chapttr IX. 

For unclassified, liaittd docuaents, destroy by any ntthod that will 

prevent disclosurt of conttnts or reconstruction of ths docuatnt. 

For unclassifitd, unliaited docuaents, dtstroy when tht rtport is 

no longtr nttdtd.    Do not rtturn it to tht originator. 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing '™""«'°^ «"'^"9 e"«ing f^fi0"'"?; 
rvyni.   SK"1       a    . .   , , , . . , _^__.^;._ ._j .«.,.»..„■« tk. ,„ UrtiAH ft*   nfnrmatinn    ^mnM rnmmAnrc r»nardina this burden est mate Or any Other aspect OT tnis 

Davis Highway, Arlington, 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
March 1998 

3. REPORT TYPE AND DATES COVERED 
Final 

4. TITLE AND SUBTITLE 

THE EFFECT OF A CURING AGENT AND AN ACCELERATOR ON 
THE GLASS TRANSITION OF BROMINATED AND UNBROMINATED 
DIGLYCIDYL ETHER OF BISPHENOI. A 
6. AUTHOR(S) 

Mark F. Fleszar 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Benet Laboratories, AMSTA-AR-CCB-0 
Watervliet, NY 12189-4050 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army ARDEC 
Close Combat Armaments Center 
Picatinny Arsenal, NJ 07806-5000 

5. FUNDING NUMBERS 

AMCMS No. 6226.24.H180.0 
PRON No. 7AARD00010 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

ARCCB-TR-98002 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 
Presented at the 1997 North American Thermal Analysis Society Conference, McLean, VA, 6-9 September 1997. 
Published in proceedings of the conference. 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Dicyandiamide—a solid with a melting point of 209°C—is one of a unique group of curing agents that are insoluble in epoxy at room 
temperature. As a curing agent for epoxy resins, dicyandiamide can react through all four nitrogen groups—reacting with the resin at both 
epoxide and hydroxyl sites. When mixed with either diglycidyl ether of bisphenol A or diglycidyl ether of tetrabromobisphenol A, the 
formulation is stable enough to be stored for 6 to 12 months. Because dicyandiamide's solubility is low at room temperature, the curing reaction 
is limited until the temperature increases enough to dissolve the curing agent. To improve the ability to process the resin, an accelerator (such 
as diuron) can be added to reduce the curing temperature. The curing reaction then proceeds via a complex mechanism that is not dominated 
by a single reaction. Each compound's effect on the cured material was studied by measuring changes in the glass transition temperature. 

14. SUBJECT TERMS 

Curing Agents, Accelerator, Glass Transition, Epoxy, 
Resins, Diglycidyl Ether of Bisphenol A 

17.   SECURITY CLASSIFICATION 
OF REPORT 

[CLASSIFIED UN 

18.   SECURITY CLASSIFICATION 
OF THIS PAGE 

UNCLASSIFIED 

19.   SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

15. NUMBER OF PAGES 

 7 
16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

UL 

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std  Z39-18 
298-102 



TABLE OF CONTENTS 

Page 

INTRODUCTION l 

EXPERIMENTAL PROCEDURE 1 

RESULTS AND DISCUSSION 2 

DGEBA and DGETBBA Cured with Dicyandiamide 2 

DGEBA Cured with Dicyandiamide and 1% or 2% Diuron 2 

DGETBB A Cured with Dicyandiamide and 1% or 2% Diuron   3 

CONCLUSION  3 

BIBLIOGRAPHY 4 

TABLES 

1. Glass transition for DGEBA cured with Dicyandiamide and 0%, 1%, or 2% diuron 5 

2. Glass transition for DGETBB A cured with Dicyandiamide and 0%, 1%, or 2% diuron . 5 

T.TST OF ILLUSTRATIONS 

1. Plot of glass transition vs. molar ratio of Dicy/DGEBA 6 

2. Plot of glass transition vs. molar ratio of Dicy/DGETBBA   6 



INTRODUCTION 

Epon 828—diglycidyl ether of bisphenol A (DGEBA)—is prepared by reacting 
epichlorohydrin with Bisphenol A. Adding bromine during the synthesis produces a flame- 
resistant epoxy resin—diglycidyl ether of tetrabromobisphenol A (DGETBBA), Epon 1123. 
When formulated with dicyandiamide (dicy), which is a solid at room temperature, the resulting 
resin system has a long shelf life due to dicy's insolubility in epoxy. The system is stable enough 
to be stored for 6 to 12 months. 

The curing reaction begins when the temperature increases enough to dissolve the curing 
agent. The curing reaction proceeds via a complex mechanism that is not dominated by a single 
reaction. However, a key factor is the reaction temperature due to the 209 °C melting point of 
dicyandiamide. This high reaction temperature requires the addition of an accelerator (in this 
case diuron) to reduce the curing temperature and/or curing time. 

This study compared the resins Epon 828 and Epon 1123, which were cured with dicy, by 
measuring the glass transition temperature (Tg) and by determining the effect of diuron on the 
resin system. It was found that the addition of bromine to the epoxy structure (Epon 1123) 
resulted in a significant change in the glass transition temperature of the resin system. It was also 
found that the glass transition temperature after curing depended on the ratio of curing agent to 
epoxy for both resins. Adding an accelerator to the formulation also produced a change in the Tg. 

EXPERIMENTAL PROCEDURE 

Two epoxy resins were studied in this work—diglycidyl ether of bisphenol A (Shell Epon 
828-DGEBA) and diglycidyl ether of tetrabromobisphenol A (Shell Epon 1123-DGETBBA). 
These resins were formulated with dicyandiamide, a curing agent manufactured by the Sigma 
Chemical Co. The curing reaction was accelerated by using either 0%, 1%, or 2% diuron, an 
accelerator also manufactured by the Sigma Chemical Co. All the materials were commercial 
products and were used as received—except for Epon 1123, which was solvated with 18.1% 
acetone to reduce viscosity. The acetone was removed by heating the resin to 80 °C for 
approximately 30 minutes. 

The manufacturer's reference manual lists Epon 828 (DGEBA) as having a repeat unit of 
n = 0.2 for the resin, which was confirmed in the literature. Using a value of 0.2 for n yields a 
molecular weight of 397.3 g/mole. Because little information could be found in the literature for 
Epon 1123 (DGETBBA), the same n value was assumed-resulting in a molecular weight of 
776.02 g/mole. The molecular weight of dicy is 84.08 g/mole. These values were used to 
calculate the mole ratios of dicy to epoxy. 

Samples were prepared from both resins using various formulations of dicy or dicy and 
diuron. The samples were weighed, placed in hermetically sealed aluminum pans, and analyzed 
in a differential scanning calorimeter (DSC) model Perkin-Elmer DSC7. The instrument was 
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purged with nitrogen, and the samples were scanned at 20°C/minute. The samples containing 
diuron were initially cured by increasing the temperature from 50°C to 270°C. The samples 
without diuron were cured by increasing the temperature from 50°C to 350°C. After curing, the 
samples were again scanned at 20 °C, and the glass transition was measured. The Tg was 
measured by extending the pre- and post-transition baseline and taking the mid-point. 

RESULTS AND DISCUSSION 

DGEBA and DGRTBBA Cured with Dicvandiamide 

Before measuring the glass transition, the samples were cured in a DSC—which scanned 
at a rate of 20°C/minute until the curing process was complete. The samples were then rapidly 
cooled to room temperature. For the DGEBA samples at the lowest molar ratio of dicy to epoxy, 
the curing exotherms were broad and symmetric. However, as the molar ratio increased, the 
exotherms became asymmetric. The DGETBBA curing exotherm for the lowest molar ratio was 
also broad and symmetric. However, in this case, the exotherms remained symmetric and became 
sharper as the molar ratio increased. In both cases, a small endotherm began to appear at 209 °C 
as the concentration of curing agent increased. This resulted from the melting of unreacted 
dicyandiamide. 

To measure the Tg, the samples were rescanned after curing at a rate of 20°C/minute. In 
Table 1, the Tg for DGEBA is 129° C with 0% diuron and a molar ratio of 0.10 for dicy/epoxy. 
As the molar ratio of the samples increased, the Tg of the samples decreased—reaching a 
minimum glass transition temperature of 105 °C at a molar ratio of 0.27. As the molar ratio 
continued to increase, the Tg seemed to increase to 115°C; however, it should be noted that the 
samples prepared from just resin and dicy frequently displayed very small changes in the heat 
capacity and occasionally displayed standard deviations as large as 12°C. 

Table 2 shows that at a molar ratio of 0.09 for DGETBBA and with 0% diuron, the epoxy 
has a Tg of 60°C. This shows that adding bromine to the epoxy structure resulted in a decrease 
of approximately 69°C in the Tg. As the molar ratio increased to 0.19, the Tg also increased to 
77°C. The Tg continued to increase—reaching a maximum Tg at 119°C. However, the Tg 
appeared to reach a plateau at a molar ratio of 0.48. Thus, we see that the relationship between 
the molar ratio and the glass transition for DGETBBA and DGEBA displayed inverse trends. 

DGEBA Cured with Dicvandiamide and 1% or 2% Diuron 

Adding diuron to the formulation resulted in sharper curing exotherms and an increase in 
the ACP between the pre- and post-transition baseline for all dicy ratios. Adding 1% diuron to the 
DGEBA epoxy formulation at the lower molar ratio resulted in a decrease in the Tg (as seen in 
Table 1 and Figure 1). At a molar ratio of 0.10, the Tg decreased by 6°C for 1% diuron and 9°C 
for 2% diuron. In all cases, as the molar ratio increased, the Tg decreased; however, the rate of 
decrease was greatest when no diuron was added to the formulation. Samples containing 1% 



diuron had a minimum Tg of 112°C at a molar ratio of 0.38. Samples containing 2% diuron had 
a minimum Tg of 113 °C at a molar ratio of 0.31. As seen in Figure 1, increasing the diuron 
concentration to 2% produced a small decrease in the Tg, but the curves were almost parallel up 
to a molar ratio of 0.40. Adding diuron to the formulation also reduced the Tg's sensitivity to 
changes in the dicy/epoxy molar ratio. 

DGETBBA Cured with Dicvandiamide and 1% or 2% Diuron 

As seen in Table 2 and Figure 2, adding 1% diuron to the brominated epoxy formulation 
resulted in the same relationship between molar ratio and Tg that was observed for the 0% diuron 
case. The Tg at a molar ratio of 0.10 was 54°C for the 1% diuron samples; without diuron, the 
Tg was 60°C—a change of 6°C. As the molar ratio increased, the Tg for the 1% case increased at 
a slightly faster rate than the 0% diuron case but reached a peak Tg at approximately the same 
temperature but at a lower molar ratio—0.29 rather than 0.48. 

When the diuron concentration was increased to 2%, the same relationship between the 
dicy molar ratio and Tg was observed. However, a decrease of approximately 6°C in the 
maximum Tg (from 117°C to 111 °C) was observed. 

CONCLUSION 

Adding bromine to the DGEBA structure had a profound impact on the Tg of the resin 
system. The Tg for DGETBBA displayed an inverse relationship to changes in the dicy/epoxy 
molar ratio. For DGETBBA, the Tg increased as the dicy molar ratio increased; for DGEBA, the 
Tg decreased as the dicy molar ratio increased. Adding bromine also reduced the maximum Tg 
for 0%, 1 %, or 2% diuron. 

In the DGEBA case, adding diuron to the formulation resulted in a significantly slower 
rate of decrease in the Tg versus the dicy/epoxy molar ratio. At a molar ratio of 0.30, there was a 
10°C to 20°C increase in the Tg for the 1% and 2% cases. 

For the brominated resin with 1 % diuron, the relationship between the dicy/epoxy molar 
ratio and Tg was not affected much. Increasing the diuron concentration to 2% produced a small 
decrease in the Tg at most ratios and reduced the maximum Tg by about 7°C. 
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Table 1. Glass Transition for DGEBA Cured with 
Dicyandiamide and 0%, 1%, or 2% Diuron 

Resin 
mmoles 

Dicy 
mmoles 

Dicy 
wt% 

Dicy/Epoxy 
molar ratio 

DGEBA  (Tg°C) 

0% 
Diuron 

1% 
Diuron 

2% 
Diuron 

8.91 0.90 2.10 0.10 129 123 120 

7.90 1.20 3.00 0.15 123 — — 

7.84 1.54 3.92 0.20 108 121 120 

10.10 2.50 5.02 0.25 — 120 119 

7.83 2.10 5.34 0.27 105 117 — 

10.10 3.10 5.99 0.31 — 124 113 

10.13 3.40 6.61 0.34 115 — 

10.10 3.80 7.35 0.38 — 112 114 

10.31 7.21 13.02 0.70 — 115 114 

Table 2. Glass Transition for DGETBBA Cured with 
Dicyandiamide and 0%, 1%, or 2% Diuron 

Resin 
mmoles 

Dicy 
mmoles 

Dicy 
wt% 

Dicy/Epoxy 
molar ratio 

DGETBBA   (Tg °C) 

0% 
Diuron 

1% 
Diuron 

2% 
Diuron 

5.16 0.48 1.00 0.09 60 54 54 

5.16 0.74 1.50 0.14 — — 77 

5.16 0.98 2.01 0.19 77 83 87 

5.16 1.50 3.05 0.29 108 117 107 

5.16 1.97 3.94 0.39 — 112 111 

5.16 2.50 5.00 0.48 118 115 110 

5.16 3.09 5.98 0.60 — — 109 

5.18 3.60 7.00 0.70 119 113 110 
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